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Objective. The aim of this study was to examine whether the plantar flexion test could adequately replace treadmill testing
in patients who were unable to exercise.
Design. Prospective observational study.
Patients. Twenty-seven patients with intermittent claudication secondary to peripheral arterial disease (PAD).
Methods. Patients performed two treadmill tests and two plantar flexion tests. Ankle pressure, near infrared spectroscopy
(NIRS) data, heart rate and blood pressures were monitored along with pain-free and maximum walking distances for
treadmill, pain-free and maximum exercise time for plantar flexion.
Results. Maximum exercise time and walking distance were well correlated (R¼ 0.74). Eleven patients (41%) developed
non-claudicating symptoms during the treadmill test but not during the flexion test. Rate pressure product was signifi-
cantly higher after the treadmill but not after the plantar flexion.
Conclusions. Plantar flexion test showed good reliability and correlation. Plantar flexion may serve as an alternative to
treadmill testing in evaluating muscle pain in patients with intermittent claudication.
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In the vascular laboratory, stress tests are used to eval-
uate the severity of the peripheral arterial disease
(PAD). Stress tests can also be used to confirm PAD
in patients who appear normal at rest. The most com-
monly used stress test is to walk on a treadmill. Tread-
mill stress testing produces maximum flow demands
to the most symptomatic leg, its parameters correlate
well with calf blood flow measurements, and it is
readily available for assessing the severity of PAD.1
However, one problem with treadmill tests is that
they induce stress on the whole body including the
cardiovascular system. Patients with PAD have
a high risk for ischaemic heart disease and performing
treadmill tests on these patients can lead to angina.2e5
Another problem is that not all patients with PAD can
walk sufficiently. For example, patients with PADmay
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Plantar flexion is a type of exercise known to use
mainly the calf muscles, the location of symptoms in
most patients with PAD. Plantar flexion is widely
used as a stress test in physiology and sports medi-
cine,6 but is not commonly used for to assess patients
with limb ischaemia. In this study, we determined the
correlation of the plantar flexion test with treadmill
testing, and examined the possibility of this test being
used in patients not suitable for treadmill exercise.
Methods
From October 2005 to July 2006, in accordance with
the Declaration of Helsinki and after approval of the
local research ethics committee and with informed
consent, patients with intermittent claudication of
the calf muscles were admitted for preoperative eval-
uation. Inclusion criteria were at least 6 months symp-
toms of calf intermittent claudication along with
resting ankle brachial pressure index (ABPI) 0.9.
Those complaining of intermittent claudication ofserved.
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excluded. Spinal canal stenosis was ruled out in the
patients by an orthopaedic physician.
The patients were asked to perform two treadmill
tests and two plantar flexion tests during their hospi-
tal stay. All these tests were performed on separate
days after at least one hour of rest in each patient’s
room. The patients were brought to the examination
room in a wheel chair, so as not to induce any stress
on the calf muscles before the exercise.
Plantar flexion
The patients were asked to lie supine on the bed with
both feet resting on a pedal leading to a weight. Each
weight was set at 10% of the body weight, and the
values were rounded up. Both feet were placed in
an adjustable brace, which stabilized and isolated
the lower limb. They were asked to push both pedals
at the same time until the pedals stopped against
a stopper, and hold that position for two seconds.
Then they were asked to release the pedals gently
over two seconds. The patient had to press the pedal
in time to an audible signal set at 30 beats per minute:
one signal to push and the next signal to release the
pedals. The time the patient felt pain in the calf mus-
cles, if any, was recorded on each of the two tests, and
was defined as pain-free exercise time (PET). The time
at which the patient claimed to have reached their
limit of exercise was recorded, and was defined as
maximum exercise time (MET). The patients were
allowed to stop for other symptoms, as in the tread-
mill test, and their symptoms were recorded as well
as blood pressure and heart rate before and after
exercise.
In the first plantar flexion test, the patients were
monitored with near infrared spectroscopy (NIRS).
We used OM-220 (Shimadzu Co., Japan), and the op-
todes were placed bilaterally on the calf muscles.
Throughout the exercise, regional oxygenation of the
calf muscles (SdO2) was monitored every 5th second.
A SdO2 change was the difference between SdO2 be-
fore the exercise and the lowest value during the exer-
cise. Recovery time (RT) was defined as the interval
from the end of the exercise to the point at which
hemodynamic parameters of NIRS returned to a pre-
exercise values.7
In the second plantar flexion test, ankle and bra-
chial pressure were monitored before and immedi-
ately after exercise. As stated in previous reports,
brachial and ankle (dorsalis pedis and posterior tibial
arteries) systolic blood pressure were measured using
a continuous wave Doppler flow probe. For eachEur J Vasc Endovasc Surg Vol 33, March 2007extremity, the higher of the dorsalis pedis and poste-
rior tibial artery pressure were used as the ankle pres-
sure and the ratio of the ankle pressure over the
higher of the two brachial pressures was calculated
as the baseline ABPI. The same artery was used for
the post-exercise ankle pressure.1 The percent change
in pressure from the resting value was calculated as
(pre- post-exercise ankle pressure)/pre-exercise ankle
pressure 100. As proposed by Amirhamzeh et al.,
we compared the absolute ankle pressures rather
than comparing pre- and post-treadmill ABPIs.8
Results from NIRS and ABPI monitors were also
calculated on the asymptomatic limb, leading to two
values of SdO2 change, RT and ankle pressure change
values recorded in each patient. For practical reasons,
NIRS and ankle pressures could not be evaluated on
the same occasion.
Treadmill test
The speed was set at 2.4 km/h at 12% gradient. Pa-
tients were instructed to use the handrail for balance
only and not for supporting their weight. During
each test protocol, the distance to the onset of claudi-
cation pain (pain-free walking distance, PWD) was
determined, at which point patients were encouraged
to continue walking until they could no longer toler-
ate the claudication pain (maximum walking distance,
MWD). The patients were allowed to stop the exercise
for other reasons such as discomfort in the chest or
breathlessness.
In the first test, NIRS was used, and ABPI was mon-
itored in the second test. The parameters recorded
were the same as those for the plantar flexion test.
Cardiovascular monitoring
Systolic blood pressure and heart rate (HR) were
recorded with the patient in a recumbent position
before the exercise, and after the cessation of walking.
The rate-pressure product (RPP), an index of myocar-
dial workload, was calculated as: Rate pressure
product¼ Peak systolic blood pressureHR.
Data analysis
The test-retest reliability for both the treadmill test
and plantar flexion test was first assessed. PWD,
PET, MWD and MED measured on two occasions
were compared. For comparison, we calculated Cron-
bach’s alpha value between values measured on two
occasions. Values above 0.8 was defined as reliable.
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sults of treadmill and plantar flexion tests. For these
comparisons, the patients who stopped the exercise
for non-claudication symptoms were excluded from
this analysis, because these symptoms could have had
some effect on exercise itself. PWD was compared
with PET, and MWD with MET. For these measure-
ments, the second of the two values were used for
each comparison. SdO2 change, RT and ankle pressure
change recorded in each test were also compared.
These three valueswereobtained from the contralateral
limbaswell. For cardiovascular analysis, RPPwas com-
pared, including the patients with non-claudication
symptoms as well. Spearman’s rank test for correlation
and Wilcoxon test for comparison of RPP was calcu-
lated using JMP 5.0 (SAS Institute Inc.). A P value of
less than .05 was considered statistically significant.
Results
Twenty-seven patients were enrolled in the study.
(Table 1) In the treadmill test, shortness of breath
developed in 9 patients and chest discomfort in two
patients. Those patients with chest discomfort
stopped the exercise for this reason. In the plantar
flexion test, none complained of symptoms other
than calf pain.
Test retest reliability
PWD, MWD and MET showed very high Cronbach’s
alpha values, but the alpha value of PET was 0.66.
(Table 2)
Treadmill vs. plantar flexion
The two patients who stopped the exercise for symp-
toms other than claudication were excluded from the
analysis. This left 25 patients and 50 limbs to be in-
cluded in the further comparison study. As shown
in Fig. 1, PWD correlated well with PET (R¼ 0.56,
Table 1. Patient characteristics
Mean age þ/ SD 71.8 þ/ 6.3
Male: Female 23:4
Hypertension 21(78%)
Diabetes 15(56%)
Hyperlipidaemia 9(33%)
Smoking 21(78%)
History of angina or MI 4(15%)
History of stroke 1(4%)
ABPI (þ/ SD) of symptomatic limb 0.61 þ/ 0.21
MI: Myocardial infarction.
ABPI: Ankle brachial pressure index of the symptomatic leg.P¼ 0.0044), and MWD correlated well with MET
(R¼ 0.74, P< 0.0001). Fig. 2 shows the comparison
of other recorded variables; ankle pressure change,
SdO2 change and RT. These parameters also showed
Table 2. The average of each parameter on two occasions and
Cronbach’s alpha value as measure of test reliability
Parameter First
exercise
Second
exercise
Cronbach’s
alpha value
Treadmill test PWD 68.0 m 81.9 m 0.88
MWD 130.9 m 164.1 m 0.92
Plantar flexion
test
PET 242.8 s 242.6 s 0.66
MET 453.1 s 467.3 s 0.90
Fig. 1. Correlation between treadmill and plantar flexion
tests. The parameters in the top figure are pain-free walking
distance (PWD) and pain-free exercise time (PET), and those
in the bottom figure are maximum walking distance (MWD)
and maximum exercise time (MET).
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P¼ 0.0004, SdO2 change: R¼ 0.41, P¼ 0.0027, RT:
R¼ 0.50, P< 0.0001).
Cardiovascular and respiratory effects
As stated above, eleven patients (41%) complained of
shortness of breath or chest discomfort during the
treadmill test, while none complained of these symp-
toms during the plantar flexion test. Comparison of
RPP change during treadmill and plantar flexion tests
revealed that RPP was increased only after the tread-
mill test. (Table 3) For this comparison we included
the 11 patients who did not meet the end-point pain
criteria.
Discussion
Intermittent claudication is one of the most frequent
and initial symptoms of PAD.9 Intermittent claudica-
tion is present in 15 to 40% of patients with PAD,
and is associated with diminished ability to perform
daily activities. It is important to evaluate ischaemia
and treat patients according to their degree of ischae-
mia. Various measures to assess ischaemia have been
proposed. The most common of these is ABPI, but this
disease severity index only partially reflects patients
symptoms.10
To assess the functional capacity of these patients,
readings should be collected under stressed exercise.
A standardized treadmill walking test is the most
commonly used exercise, because it provides an objec-
tive measure of walking performance.11 Although
treadmill testing is the simplest way to induce pain
in the lower limb due to ischaemia, it is also stressful
on the cardiovascular system. PAD is a systemic
atherosclerotic disease, carrying a high risk for steno-
sis also in the coronary and carotid arteries, and per-
forming a treadmill test on these patients may
induce angina. Previous reports state that ECG
changes or angina occur in 11e26% of subjects during
the treadmill test.2,5 In other studies, 22e45% of
the enrolled patients were unable to undertake a tread-
mill test mainly because of cardiac and pulmonary
problems.3,4 For this reason various alternative stress
tests have been proposed.8,12,13 These tests appear to
Fig. 2. Correlation between parameters recorded during
treadmill and plantar flexion tests. The parameter in the
top figure is percent change of ankle pressure, in the middle
figure is regional oxygenation (SdO2) change measured us-
ing near infrared spectroscopy (NIRS), and in the bottom
figure is recovery time measured by NIRS.
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stress, but another problem occurs with all these tests
in patients who have lost a leg. We focused on the
plantar flexion exercise test, because it mainly stresses
the calf muscles in a supine position. The calf muscle
is a common site of pain while walking. The calf mus-
cles along with the quadriceps are the main muscles
involved during the gait cycle, and calf blood flow
rises 20-fold with exercise.6,14 Our study compared
plantar flexion with a standardized treadmill proto-
col, for assessing performance in patients with stable
intermittent claudication.
We investigated the test reliability by comparing
the first and the second test. Each test showed good
reliability except for pain-free exercise time on plantar
flexion (Cronbach’s alpha: 0.66). This may have hap-
pened because pain appears so gradually that the
patients show variability in response. For the same
reason, Cronbach’s alpha value for pain-free walking
distance, was also lower than maximum walking dis-
tance for the treadmill test (0.88 vs 0.92). Nevertheless,
both maximum walking distance and maximum exer-
cise time showed high values, and we are certain that
both the treadmill and plantar flexion tests are
reliable.
Knowing that plantar flexion is a reliable test, we
then examined the correlation between treadmill
and plantar flexion tests as a stress test for vascular
evaluation. The parameters measured in each test
were well correlated. We did not include the two pa-
tients whose end-points were non-claudication symp-
toms in the treadmill test. This left only 25 patients
and 50 limbs for data analysis.
Eleven patients (41%) complained of shortness of
breath and chest discomfort during treadmill walking,
in agreement with previous studies,4,5 while none
complained of these symptoms during plantar flexion
tests. We were surprised that there was no significant
difference between RPP before and after plantar flex-
ion. Previous studies have claimed that their new
method was less stressful on the cardiovascular sys-
tem compared with treadmill testing, they still were
associated with significant changes if compared with
pre-exercise values. Plantar flexion seems to be the
least stressful thus far to the cardiovascular system.
Table 3. Average rate pressure product value before and after
treadmill and plantar flexion exercise
Treadmill Plantar flexion P (TM vs PF)
Pre exercise 9641 10139 0.49
Post exercise 12308 10450 0.006
P (Pre vs Post) <0.0001 0.43
TM: Treadmill.
PF: Plantar flexion.Although there are possibilities for the plantar flex-
ion to replace treadmill exercise, one problem with
plantar flexion is that this exercise is restricted to the
patients whose complaints are restricted to the calf.
In conclusion plantar flexion stresses the calf mus-
cles similarly to the treadmill test but with less effect
on the cardiovascular system. These data suggest
that the plantar flexion test may serve as an alternative
to the treadmill test in patients with ischaemic heart
disease, which is common among patients with PAD.
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